
a 

N A S A  T N  D - 2 1 7 9  

P’ / 
I_ 

-- NASA TECHNICAL NOTE 

- 
h 

LOANCOQY: RE 
A W L  [WL. 

KI R.TLAN D AF L , 

WIND-TUNNEL FLUTTER STUDIES OF 
THE SWEPTBACK T-TAIL OF 
A LARGE MULTIJET CARGO AIRPLANE 
AT MACH NUMBERS TO 0 .90  

by C h u r l e s  L .  R u h l i n ,  M u y n u r d  C .  S u n d f o r d ,  
a n d  E .  C u r s o n  Y u t e s ,  J r .  

L u n g l e y  R e s e u r c h  C e n t e r  
L u n g l e y  S t u t i o n ,  H u m p t o n ,  Vu, 

N A T I O N A L  A E R O N A U T I C S  A N D  SPACE A D M I N I S T R A T I O N  W A S H I N G T O N ,  D .  C .  MARCH 1964 



i 

WIND-TUNNEL FLUTTER STUDIES OF THE SWEPTBACK T-TAIL OF A 

LARGE MULTIJET CARGO AIRPLANE AT MACH NUMBERS TO 0.90 

By Char l e s  L. Ruhlin, Maynard C.  Sandford, 
and E. Carson Yates,  Jr. 

Langley Research  Center  
Langley Station, Hampton, Va. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

For sale by the Office of Technical Services, Department of Commerce ,  
Washington, D.C. 20230 -- Price $1.50 



WIND-TUNNEL FLLJTlXR STUDIES OF TRE SWEPI'BACK T-TAIL O F  A 

LARGE MULTIJET CARGO AIRPLANE AT MACH IIUMlBRS TO 0 . 9  

By Charles L. Ruhlin,  Maynard C .  Sandford, 
and E. Carson Yates, Jr. 

SUMMARY 

A f l u t t e r  investigation of the T - t a i l  of a currently projected multi jet  cargo 
airplane has been conducted i n  the Langley transonic dynamics tunnel at Mach num- 
bers up t o  0 . 9 .  The t a i l  and aft fuselage of the model employed were geometri- 
ca l ly ,  dynamically, and e l a s t i ca l ly  scaled, whereas only the m a s s  and s t i f fness  
characterist ics of the forward fuselage, wings, and nacelles were simulated. This 
study included variations i n  flow density, stabilizer-pitch-actuator s t i f fness ,  
fin-spar s t i f fness ,  roll and yaw st i f fnesses  of f in -s tab i l izer  jo in t ,  rotat ional  
s t i f fnesses  of elevators and rudder, s t ab i l i ze r  m a s s  and yaw and roll iner t ias .  

Within the ranges of the t e s t s ,  no f l u t t e r  occurred f o r  the design configu- 
ra t ion with control surfaces locked, with design elevator rotat ional  s t i f fness ,  
or with a simulated rudder-free condition. However, severe reductions i n  
stabilizer-pitch-actuator s t i f fness  or i n  elevator rotat ional  s t i f fness  did 
resul t  i n  symmetric f l u t t e r .  Increasing s tab i l izer  mass and yaw and roll 
iner t ias  by adding large weights t o  the s t ab i l i ze r  t i p s  led t o  symmetric f l u t -  
t e r  which w a s  studied over wide ranges of Mach number and flow density. Two 
antisymmetric f l u t t e r  points were obtained f o r  a configuration having stabi-  
l i z e r  t i p  weights and a weaker-than-design f i n  spar. 

INTRODUCTION 

T - t a i l s  are being used with increasing frequency on airplanes which operate 
at high subsonic or transonic speeds. Such designs may of fer  several aerodynamic 
advantages over conventional t a i l  configurations. T - t a i l s ,  how- 
ever, are  frequently subject t o  f l u t t e r  i n s t a b i l i t i e s  because of inherent tenden- 
c ies  toward dynamic and aerodynamic coupling (refs .  2 t o  7). Since theoret ical  
methods f o r  comprehensive T - t a i l  f l u t t e r  analyses have not yet reached a satis- 
factory l eve l  of r e l i ab i l i t y ,  extensive experimental f lut ter  studies of each 
new T - t a i l  design a re  usually required. 

(See ref .  1. ) 

(See refs. 8 and 9.) 

This report contains the r e su l t s  of a wind-tunnel f l u t t e r  investigation of 
the T - t a i l  of a currently projected mult i je t  cargo airplane. 
fuselage of the model employed were geometrically, dynamically, and e l a s t i ca l ly  
scaled. 

The t a i l  and aft 

Although other portions of the model were not geometrically scaled, the 



m a s s  and e l a s t i c  properties of the forward fuselage, wings, and nacelles were 
simulated i n  order t o  provide fo r  any dynamic coupling between the t a i l  and other 
portions of the airplane. 
dynamics tunnel i n  air  at Mach numbers up t o  0.65 and i n  Freon-12 at Mach numbers 
up t o  0 . 9 .  (The design l i m i t  Mach number f o r  the airplane i s  0.89.) 
w a s  tes ted on a mount system which permitted limited rigid-body motion i n  a l l  s i x  
degrees of freedom. The investigation included variations i n  flow density, 
stabilizer-pitch-actuator s t i f fness ,  fin-spar s t i f fness ,  roll and y a w  s t i f fnesses  
of f in-s tabi l izer  jo in t ,  rotat ional  s t i f fnesses  of elevators and rudder, stabi- 
l i z e r  m a s s  and y a w  and r o l l  iner t ias .  

Ekperiments were conducted i n  the Langley transonic 

The model 
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amplitude of control-surface rotat ion about hinge axis, radians 

maximum value of A, radians 

bending s t i f fness ,  lb-in.2 

f l u t t e r  frequency, cps 

natural  frequency of elevator rotation, cps 

natural  frequency of rudder rotation, cps 

uncoupled pi tch frequency of horizontal ta i l ,  cps 

tors ional  s t i f fness ,  lb-in. 

m a s s  moment of i n e r t i a  of s t ab i l i ze r  section or f i n  section about i t s  
e l a s t i c  axis, slug-ft2 

m a s s  moment of i ne r t i a  of elevator or rudder about i t s  hinge l ine ,  
slug-ft2 

mass moment of i n e r t i a  of horizontal t a i l  (including elevators, bu l le t  
fa i r ing,  and any additional weights) i n  pi tch about horizontal-tat1 
pivot axis, slug-ft2 

mass moment of i n e r t i a  of horizontal t a i l  (including elevators, bu l le t  
fa i r ing,  and any additional weights) i n  y a w  about a ve r t i ca l  axis 
through intersection of f i n  e l a s t i c  axis and s tab i l izer  horizontal 
plane, slug-ft2 

m a s s  moment of i ne r t i a  of horizontal t a i l  (including elevator, bu l le t  
fa i r ing,  and any additional weights) i n  r o l l  about intersection of 
s t ab i l i ze r  horizontal plane and plane of symmetry, slug-ft2 

Mach number 
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P 

t o t a l  m a s s  of horizontal t a i l  (including elevator, bu l le t  fa i r ing,  
and any additional weights), slugs 

t o t a l  mass of ve r t i ca l  t a i l  (including rudder), slugs 

dynamic pressure, lb/sq f t  

gas constant, ft2/sec2/OR 

Reynolds number per foot 

m a s s  unbalance of s t ab i l i ze r  section or f i n  section about i t s  e l a s t i c  
axis, siug-ft 

mass unbalance of elevator or rudder about i t s  hinge line, slug-ft 

s t a t i c  temperature, OR 

f ree  -st ream velocity , f t / s e  c 

volume of a conical frustum having horizontal-tail  root chord as base 
diameter, horizontal- ta i l  t i p  chord as upper diameter, and horizontal- 
t a i l  semispan as height, 3.225 cu f t  

r a t i o  of specific heat at constant pressure t o  specific heat a t  constant 

distance along e l a s t i c  axis (spar center l i n e )  of f i n  or s t ab i l i ze r  
measured from elastic-axis root, f ract ion of elastic-axis length 

volume 

mass r a t i o  of horizontal tai l ,  

test-medium density, slugs/cu f t  

mh/2pv 

Subscript : 

0 scaled design condition 

Abbreviations : 

BL buttock l ine ,  in .  

FS fuselage s ta t ion,  in .  

WL w a t e r  l ine ,  in .  
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MODEL 

General Description 

A model of a currently projected mult i je t  cargo airplane was used i n  t h i s  
The T - t a i l  and a f t  fuselage of the model investigation. 

were geometrically, dynamically, and e l a s t i ca l ly  scaled so  tha t  i n  Freon-12 Mach 
number, mass ra t io ,  and reduced frequency were simulated f o r  the airplane i n  the 
atmosphere; i n  air, only mass r a t i o  and reduced frequency were correctly simulated. 
The m a s s  and s t i f fnes s  distributions of the forward fuselage, as well as the over- 
a l l  mass and e l a s t i c  properties of the wings and nacelles, were also represented, 
although these components were not geometrically scaled. Specifically, the over- 
all vibrational character is t ics  of the airplane wing with multiple engine pods 
were represented by a simulated wing with a single,  sjmulated nacelle a t  the t i p .  
The geometric properties given i n  table  I are pertinent t o  a l l  model configura- 
t ions although several  interchangeable s t ruc tura l  members were employed i n  order 
t o  vary component s t i f fnesses .  

(See f i g s .  1 and 2. ) 

Construction 

Horizontal s tab i l izer . -  The s t ab i l i ze r  w a s  of a spar-and-pod type of con- 
struc-(rig.-single rectangular box spar of welded magnesium al loy 
with one in te rna l  and one external flange welded on opposite sides of the spar 
provided the required s t i f fnes s  distributions i n  bendfng and torsion. 
which contributed negligibly t o  s tab i l izer  bending and tors ional  s t i f fnesses ,  
were constructed of two pine bridge r ib s  and two balsa f loat ing ribs covered 
with sheet balsa t o  form the a i r f o i l  contour. All pods were oriented perpen- 
dicular t o  the center l i ne  of the box spar (41 percent of streamwise chord) 
which w a s  considered t o  be the s t ab i l i ze r  e l a s t i c  axis. Each pod w a s  covered 
with doped silk-span. Lead weights were ins ta l led  i n  the pods t o  yield the 
required mass, center of gravity, and moment of iner t fa .  The gaps between the 
pods were aerodynamically closed with sponge rubber. 

The pods, 

The s t ab i l i ze r  was attached t o  the ve r t i ca l  t a i l  by two aluminum bracket 
arms with bal l  bearing pivots which f i t t e d  on a l a t e r a l  shaft  mounted at the 
top of the f i n  spar (see f i g .  l ( d ) )  . 
re lat ive t o  the f i n  by means of a jack screw which was driven through an a r t i c -  
ulated shaft  by an e l ec t r i c  motor located i n  the  fuselage. (See f ig s .  l ( c )  
and l ( d )  . ) The ar t iculated shaft  was connected t o  the s t ab i l i ze r  through a 
U-shaped metal spring which simulated the s t i f fness  of the pitch-trim actuator. 

The s t ab i l i ze r  could be trimmed i n  pi tch 

Elevators.- The elevator spars were constructed of balsa covered with 
0 .Ol?-inch-thick aluminum-alloy sheet. 
bui l t  up of pine ribs covered with sheet balsa and doped silk-span. 

(See f i g .  l ( b )  . ) The contour was 

The elevator hinge l i n e  was located at 75 percent of the s tab i l izer  chord 
(streamwise). 
at tach each elevator t o  the s tab i l izer .  Each elevator was f u l l y  m a s s  balanced 
by brass weights dis t r ibuted along the leading edge. Left and r ight  elevators 

Two retaining b a l l  bearings and four s t e e l  flexures were used t o  
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were f lexibly interconnected i n  order t o  simulate the carry-through s t i f fnesses  
f o r  both symmetric and antisymmetric modes. 

Vertical  f in . -  The f i n  w a s  of a spar-and-pod type of construction similar t o  
tha t  of the s t ab i l i ze r  ( f i g .  l ( c ) ) .  The required bending and tors ional  s t i f fness  
distributions were provided by a single rectangular box-beam spar of welded mag- 
nesium alloy with an in te rna l  and an external flange on opposite sides of the box 
spar. The pods which formed the aerodynamic contour were constructed similarly 
t o  those of the s tab i l izer .  All pods were oriented normal t o  the center l i ne  of 
the f i n  spar (40 percent of streamwise chord) which w a s  considered t o  be the f i n  
e l a s t i c  axis. Lead ba l l a s t  weights were ins ta l led  i n  the pods t o  yield the 
required m a s s  distribution. 

The magnesium spar cap ( f ig .  l ( c ) ) ,  which provides a portion of the f in-  
s t ab i l i ze r  jo in t  f l ex ib i l i t y ,  i s  a bolted-on extension of the f i n  spar. A shaft  
projecting from each side of the spar cap engaged the bearings i n  the s t ab i l i ze r  
support-bracket arms. (See f i g .  l ( d ) . )  The f in-s tab i l izer  jo in t  area was 
enclosed by a bul le t  fa i r ing  which w a s  constructed of balsa covered with doped 
silk. (See f ig s .  l ( a )  and l ( b ) . )  

Rudder.- The rudder w a s  constructed on a balsa spar covered with 0.010-inch- 
thick magnesium alloy. The contour w a s  bu i l t  up of pine r ib s  covered with balsa 
and doped Japanese t i s sue .  The rudder rotated about 75 percent of the f i n  chord 
(streamwise) on two retaining b a l l  bearings and three flexures. 
few of the i n i t i a l  t e s t s ,  the rudder was not mass balanced. For the i n i t i a l  
t e s t s ,  100-percent mass balance w a s  obtained by taping s m a l l  f l a t  weights t o  the 
leading edge of the rudder. 

Except for  a 

For the f i n a l  two t e s t s ,  the  rudder w a s  removed and replaced by a f i n  exten- 
sion b u i l t  up of balsa r ib s  covered with balsa sheet and doped s i l k .  

Fuselage.- The fuselage w a s  of spar-and-pod construction. The major par t  of 
the fuselage ( f i g .  l ( d ) )  w a s  constructed of a 4-inch-square magnesium box spar 
with varying w a l l  thickness (0.187 inch t o  0.056 inch) t o  yield the required to r -  
sional s t i f fness  dis t r ibut ion.  Flanges of constant thickness but varying width 
were welded externally on a l l  four sides of the spar t o  give the desired ve r t i ca l  
and l a t e r a l  bending s t i f fness  dis t r ibut ions.  The extreme aft-fuselage spar w a s  
constructed of a 4-inch circular  aluminum tube of constant w a l l  thickness with a 
tapered flange welded t o  the sides t o  obtain the desired s t i f fness  dis t r ibut ions.  
The forward fuselage, which did not simulate the airplane geometrically, was  com- 
posed of so l id  balsa pods which formed a cylinder around the spar. The geometri- 
ca l ly  scaled aft-fuselage pods were b u i l t  of plywood bulkheads with magnesium 
inser t s  and were covered with sheet balsa ( f ig .  l ( a ) )  . 
m a s s  shakers were mounted inside the nose of the fuselage spar i n  order t o  excite 
the ve r t i ca l  and l a t e r a l  modes of the model. 

Two rotating-unbalanced- 

Wings and nacelles.- Each simulated wing panel consisted of a solid,  
aluminum-alloy rectangular beam which w a s  bolted onto an H-fitting mounted on 
the top of the fuselage spar. B a l s a  aerodynamic fair ings were attached t o  the 
leading and t r a i l i n g  edges of the wing beams. The 
simulated nacelles were constructed of an aluminum-alloy beam with a large lead 

(See f ig s .  l ( a )  and l ( d ) . )  
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mass attached to the forward end to give the required mass properties. These 
nacelles were attached to the outboard ends of the wing beams by I-beam pylons 
which were streamlined with balsa fairings. 

Mounting cage.- The mounting cage (figs. 1(a) and l ( d ) )  has four lengths of 
0.20-inch-diameter music wire which are rigidly attached to the fuselage about 
the center of gravity and extended symmetrically above and below the center of 
gravity. 
exposed plates which are nominally parallel to the free stream. 
was streamlined with balsa fairings. The model was supported in the tunnel by 
mounting cables which were attached to the two exposed plates of the mounting 
cage. 

At their extremities, these four vertical wires are attached to two 
The upper plate 

Instrumentation 

Wire strain gages were mounted on the fin spar near the base and on the 
right and left sides of the stabilizer spar near the root. These gages were 
oriented to indicate deflections in bending and torsion. Small magnetic-induction 
pickups were used to measure rotationalmotion of both the elevators and the rud- 
der. 
indicate deflections in vertical bending, lateral bending, and torsion. An incli- 
nometer and an accelerometer mounted near the model center of gravity measured the 
fuselage pitch angle and vertical translational motion, respectively. Another 
accelerometer was installed in the right nacelle to give an indication of nacelle 
vertical motion. All electrical leads were combined into a single umbilical cord 
which was brought out from the underside of the fuselage just below the center of 
gravity and was supported by the lower mounting cable. 

Strain gages were attached to the aft-fuselage circular spar in order to 

Physical Properties 

A summary of the model configurations and their physical properties is given 
in tables I1 and I11 and in figures 3 and 4. 
numerous configurations have been given coded designations. 
this designation system, a letter indicates the design configuration or any major 
model component change from the design configuration. The first number designates 
the pitch spring used, and the last number indicates the amount of weight (in per- 
cent of design stabilizer weight) added at the tip of the design stabilizer. 
s m a l l  letter s is appended to some designations and means that the design sta- 
bilizer torsional stiff'ness has been increased by taping thin aluminum strips 
along the stabilizer span. 

For simplicity and organization, the 
(See table 11.) In 

A 

Stiffnesses.- Measured stiffness distributions for the major model compo- 
nents (stabilizer, fin, elevators, rudder, and aft fuselage) are presented in 
figure 4. 
the fin with each of three interchangeable spars and f o r  the stabilizer with each 
of two interchangeable spars are shown in figures 4(a) and 4(b), respectively. 
Note that the stiffnesses of the three fin spars are of comparable magnitude and 
that the stiffnesses of the two stabilizer spars are in close agreement. For 
some tests the stabilizer was stiffened by taping aluminum strips spanwise to the 
upper and lower surfaces near the leading edge. 

In particular, distributions of bending and torsional stiffnesses for 

However, stiffnesses were not 



measured for this condition. Stiffnesses of the stabilizer pitch springs and of 
the fin-stabilizer joints are given in table IV. 
design condition. 

Pitch spring 1 represents the 

Masses.- The mass properties of the complete model, of the model components, 
and of the fin and stabilizer sections are given in table 111. The masses of the 
three interchangeable fin spars were essentially the same, as were those of the 
two interchangeable stabilizer spars. For some tests, various amounts of concen- 
trated mass were attached to the stabilizer spar on the elastic axis at the 
96.5-percent-semispan station. (See table III( c) . ) Fuselage mass-distribution 
data are presented in figure 3. The two concentrated masses shown in figure 3 
represent scaled masses of the airplane landing gear. Additional concentrated 
mass of up to 2 pounds was inserted in the fuselage nose as a counterbalance when 
the previously mentioned concentrated masses were attached to the stabilizer tips. 
The presence of this counterbalance mass did not appreciably affect the fuselage 
vibrational characteristics. 

Nasural frequencies and nodal patterns.- Measured symmetric- and 
antisymmetric-mode natural frequencies are presented in table V for the complete 
model mounted in the tunnel and for the cantilevered empennage. 
shown in figures 5 to 13 are for the principal modes indicated in table V. Com- 
plete vibrational surveys were performed on the basic model configuration. (See 
table V and fig. 5(a).) Surveys following subsequent configuration changes gen- 
erally covered only the modes which were considered to be significantly affected 
by the change. 

Nodal patterns 

Much of the nodal-pattern data presented in figures 5 to 13 is for the 
C-series configurations and was chosen for complete presentation for the fol- 
lowing reasons: 
these configurations, (2) configuration C1-0 did not differ appreciably from the 
design configuration Al-0, and (3)  the effects on the natural frequencies and 
nodal patterns of changes in the mounting systems can be determined by direct 
comparison. As mentioned previously, stabilizer stiffnesses were not measured 
for the condition with added stiffening strips. However, the frequencies and 
nodal patterns for these configurations were examined. (See table V.) 

(1) a large amount of the vibrational data is available for 

A positive identification of the stabilizer natural pitch-mode frequency for 
the different pitch springs was not obtained during the investigation because of 
coupling effects between several important modes. 
vibration study was conducted to determine the pitch frequencies for the various 
pitch springs by using configuration E cantilevered at fuselage station 158.8. 
The results are given in table V. 
table N were calculated from measured uncoupled pitch-spring frequencies. 
natural-mode frequencies for pitch springs 1, 2, and 3 are generally consistent. 
However, the frequency for spring 4, which was considered to be essentially rigid, 
does not differ appreciably from that for design spring 1. 
low frequency of pitch spring 4 is attributed to flexibility in the pitch-spring 
support structure. 

Hence, following the tests a 

However, the pitch-spring stiffnesses given in 
The 

This surprisingly 
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APPARATUS AND TESTS 

Tunnel 

This investigation was conducted in the Langley transonic dynamics tunnel 
which has a 16-foot-square test section (with cropped corners) and is a return- 
flow, variable-pressure, slotted-throat wind tunnel (ref. 10). It is capable of 
operation at stagnation pressures from near vacuum to slightly above atmospheric 
and at Mach numbers from 0 to 1.2. 
independently with either air or Freon-12 used as a test medium. 
equipped with a quick-opening bypass valve (ref. 10) which can be opened when 
flutter occurs in order to rapidly reduce the dynamic pressure in the test section. 

Mach number and dyndc pressure can be varied 
The tunnel is 

Mount System 

The model was supported in the tunnel by cables which were attached to the 

Two cables extended laterally forward from each end plate and were 
upper and lower end plates of the mounting cage previously described. 
fig. l(d).) 
rigidly fastened to the sides of the tunnel. 
extended aft in a vertical plane, passed through the upper and lower center slots 
of the tunnel, and were spring-mounted outside the test section. This spring 
mount allowed freedom of the model in vertical translation, while flexure of the 
four vertical wires of the mounting cage permitted freedom in r o l l ,  pitch, and 
yaw as well as in lateral and longitudinal translation. 
extended laterally forward from the model to reduce the drag loads on the mounting 
cage and to alleviate a Dutch roll tendency of the model. Initially, these auxil- 
iary cables were attached to the under side of the wing beam at points near the 
wing-panel semispan (laterally, approximately opposite the model center of grav- 
ity). The cables extended through the tunnel sidewalls and were spring-mounted 
outside the test section. Subsequently, to improve the clarity of some nodal 
patterns on the tail and aft fuselage, these cables were replaced by a single 
continuous drag cable attached to the forward fuselage approximately midway 
between the nose and the center of gravity. This location was close to nodal 
points for several of the most important fuselage modes. 
the tunnel sidewalls and was supported by pulleys external to the test section. 
Outside the test section a sliding-friction yaw damper was installed on the cable 

(See 

Two cables (one from each end plate) 

Two auxiliary cables 

The cable passed through 

but was found not to be 
model. 

Equipment.- During 
model were continuously 
Visual records of model 

required to maintain adequate lateral stability of the 

Tests 

the tests, strain-gage and accelerometer signals from the 
recorded on direct readout recorders and on magnetic tape. 
behavior were provided by high-speed motion pictures taken 

from the sides and rear. Tunnel conditions, such as tunnel stagnation and static 
pressures and stagnation temperature, were automatically digitized and printed by 
an IBM typewriter. For tests in Freon-12, the Freon purity was determined with a 
purity meter which sensed the variation of magnetic susceptibility of the oxygen 
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content of the testing medium. 
92 and 98 percent by volume (or 98.0 to 99.6 percent by weight). 

Freon-12 purity varied during the tests between 

Procedure.- Prior to testing, the model angle of attack and the stabilizer 
incidence angle were nominally set at 00. 
necessary to remotely adjust the stabilizer incidence angle in order to relieve 
excessive static loads on the stabilizer. 

Occasionally during the tests, it was 

Initially, a dynamic-pressure limit of 144 pounds per square foot was 
imposed on all tunnel tests on the basis of the model scaling parameters. How- 
ever, this dynamic-pressure limit was exceeded frequently during the last part of 
the test program in attempts to define an antisymmetric flutter boundary. 
tests in Freon-12 were limited to M 5 0.90 which was approximately the design 
limit for the airplane. Tests in air were restricted to M < 0.62 because the 
model in air did not scale to the airplane at the higher Mach numbers. 
gations of control-surface instabilities were conducted only in air at very low 
dynamic pressures and Mach numbers because calculations and previous low-speed 
tests indicated that instabilities would be most likely to occur in this region. 

A l l  

Investi- 

The test procedure was essentially the same for tests in air and in Freon-12. 
This procedure is illustrated in figure 14 by a typical operating path (in 
Freon-12) described in terms of dynamic pressure as a function of Mach number. 
The operating sequence shown was employed in order to cover the desired ranges of 
dynamic pressure and Mach number in minimum running time. During some of the 
early tests, the model was occasionally excited both laterally and vertically at 
frequencies up to 20 cps by the shakers built into the fuselage nose. 
tice was discontinued because at the higher dynamic pressures the model response 
to tunnel turbulence became greater than the response to shaker excitation. 
Tunnel conditions were recorded and high-speed motion pictures were taken when- 
ever flutter occurred or at desired intervals. When flutter was observed, the 
tunnel bypass valve was opened and the tunnel fan speed was decreased in order to 
reduce rapidly the dynamic pressure in the test section. With one exception this 
technique prevented serious damage to the model. 

This prac- 

PRESENTATION OF RESULTS 

The experimental results of the present investigation are compiled in 
These data are shown in figures 15 to 21 in order to illustrate some table VI. 

flutter trends. 

Figure 15 indicates the Reynolds number and Mach number ranges covered in 
the present tests. 
tions with control surfaces locked are presented in figures 16 and 17, respec- 
tively. 
similar configurations have been adjusted to constant density in figure 18. 
Flutter data measured in air with a simulated free rudder, with simulated free 
elevators, and with simulated design synrmetric-rotation stiffness of the eleva- 
tors are shown in figures 19, 20, and 21, respectively. 

Flutter data obtained in air and in Freon-12 for configura- 

Symmetric flutter data measured in air and in Freon-12 for two closely 
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DISCUSSION OF RESULTS 

Control Surfaces Locked 

The subcritical behavior of the model consistently involved both symmetric 
and antisymmetric motion. At low dynamic pressures the dominant response was 
nearly always antisymmetric (primarily fin torsion), and this relatively low- 
frequency motion increased in intensity as the d 

metric higher frequency response (mostly fin fore-and-aft bending and stabilizer 
pitching and bending) appeared and began to build and to override the antisym- 
metric motion as the dynamic pressure increased. The antisymmetric motion then 
gradually subsided, and in most cases symmetric flutter was attained or closely 
approached. 

amic pressure increased. Anti- 
symmetric flutter, however, occurred only twice. I= In all other instances, sym- 

The difficulty in obtaining antisymmetric-flutter data led to the testing of 
several configurations which were devised to lower the antisymmetric-flutter 
boundary, to raise the symmetric-flutter boundary, or both. Although these con- 
figurations did not represent scaled conditions on the airplane, the results 
obtained indicate flutter trends and may be useful for theoretical correlation. 
These configurations (see table 11) were obtained from the design configuration 
by (1) adding weights to the stabilizer tips because calculations and previous 
low-speed experiments had indicated that increasing stabilizer r o l l  and yaw iner- 
tias tended to lower the antisymmetric flutter boundary, (2) taping aluminum 
strips along the stabilizer upper and lower surfaces near the leading edge and 
stiffening the pitch spring in order to stiffen the stabilizer against symmetrical 
torsional, bending, and pitching motion, ( 3 )  reducing torsional stiffness of the 
fin spar, or (4) replacing the rudder with a balsa faLring in order to eliminate 
any possibility that rudder hinge binding (during fin deflection) could contribute 
additional stiffness to the fin. 
sible physical conditions on the airplane were the design configurations and the 
configurations having weakened pitch springs to represent partial failure of the 
stabilizer pitch actuator. 

The configurations which did correspond to pos- 

Previous T-tail flutter investigations (for example, ref. 2) have indicated 
that increasing the horizontal-tail angle of attack would also lower the anti- 
symmetric flutter boundary. In the present investigation, however, tail angles 
of attack were restricted to about +lo or less because of the rapid buildup of 
static loads on the horizontal tail. 

Tests in air.- Results of the tests in air are presented in figure 16 in 
terms of the variation of dynamic pressure with flow density 
ratio p. A s  previously explained, all air tests were limited to low Mach numbers 
(M < 0.62) in order to avoid significant compressibility effects because the model 
in air does not scale to the airplane at the higher Mach numbers. 

p and with mass 

Design configuration: The design and near-design configurations (Al-0, Al-4, 
and C1-0) did not flutter within the Mach number and dynamic pressure ranges 

ISince antisymmetric flutter was encountered only twice (in Freon-12 only), 
the term "flutter" as used in this section is understood to mean symmetric flutter 
unless otherwise indicated. 
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covered (table VI and fig. 16). 
tions Al-4 and C 1 - 0  are considered to be adequately representative of the design 
condition Al-0 for the following reasons: First, on the basis of this study and 
previous low-speed experiments, the addition of 4 percent mass to the stabilizer 
tips (configuration Al-4) would be expected to have an insignificant effect on 
symmetrical and antisymmetrical flutter properties. Second, the natural frequen- 
cies and nodal patterns for configuration C1-0 did not differ appreciably from 
those for configuration Al-0, the intended design configuration (table 11), 
although fin spar 2 was somewhat weaker than fin spar 1, particularly in torsion 
(fig. 4(a)), and the rudder balance weights were not included in configuration 
C1-0.  
tation of the design configuration with regard to antisymmetric properties and 
essentially identical to the design configuration with regard to symmetric 
properties. 

For present purposes, the near-design configura- 

Therefore, configuration C 1 - 0  is considered to be a conservative represen- 

Pitch spring stiffness: Some effects of reducing the pitch-spring stiffness 

Flutter occurred only with the weak- 
from the design level are shown in figure 16 by comparison of the results for con- 
figurations Al-0 (or C 1 - 0 ) ,  A2-0, and A3-0. 
est pitch spring (11 percent of design stiffness). 
involved significant deflections in bending, pitch, and torsion. The oscillations 
diverged rapidly and resulted in appreciable damage to the stabilizer including 
permanent deformation of stabilizer spar 1 and loss of the bullet fairing. 

The flutter motion at 27 cps 

Stabilizer tip weights: Some previous low-speed experiments and calculations 
(unpublished) have indicated that increasing the stabilizer yaw and roll inertias 
by adding weights to the stabilizer tips lowered the antisymmetric flutter bound- 
aries. Figure 16 shows that the symmetric flutter boundaries are also lowered by 
the addition of masses to the stabilizer tips (configurations AI--38 and AI.-48). 
Comparison of the no-flutter points for near-design configurations Al-0, AI-4, 
and (21-0 with the flutter boundary for configuration AI--38 shows a sizable reduc- 
tion in flutter speed caused by this addition of mass. The inclusion of an addi- 
tional 10 percent mass (configuration ~ 1 - 4 8 )  caused little further reduction in 
the flutter boundary except at the higher densities. The flutter encountered 
with configurations ~ 1 - 3 8  and u - 4 8  was a high-frequency (60 to 62 cps), limited- 
amplitude, nondestructive motion involving primarily pitch and torsion. 

Stiffened stabilizer and pi-tch spring: In an effort to obtain antisymmetric 
flutter by raising the symmetric flutter boundary, tests were made with a nearly 
rigid pitch spring (configuration A4-48) and with the stabilizer stiffened by 
metal strips taped near the leading edge (configuration C4-48s). 
that both model modifications raised the symmetric flutter boundary relative to 
that for configuration AI--48 but not enough to reach the antisymmetric flutter 
boundary. For densities near sea level, stiffening the pitch spring alone 
(configuration A4-48) increased the flutter dynamic pressure by about 10 percent; 
whereas, stiffening both the stabilizer and the pitch spring (configuration 
C4-48s) increased flutter q by about 30 percent. The flutter mode for these 
configurations was essentially the same as that for configuration Al-48. Since 
the objective of these model modifications was to obtain antisymmetric flutter, 
many of the tests were terminated in order to avoid the risk of model damage when 
the continuously recorded model response indicated that symmetric flutter was 
imminent. 

Figure 16 shows 

Many of the no-flutter points thus attained (fig. 16) appeared to be 
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very close to symmetric flutter, and these points formed the basis for the esti- 
mated flutter boundary shown in figure 16. 

Tests in Freqn,l2.- Results of the tests in Freon-12 are presented in fig- 
ure 17 in terms of the variations of dynamic pressure q and mass ratio p with 
Mach number. In evaluating these data, it should be noted that reference 10 has 
indicated that subsonic and transonic flutter characteristics obtained in Freon-12 
may reasonably be interpreted directly as equivalent data in air at the same mass 
ratio and Mach number. This direct interpolation, however, would result in a 
slightly conservative estimate of the flutter boundary, particularly at the higher 
Mach numbers. For example, for the present model at M = 0.90 the flutter 
dynamic pressure in air is estimated to be as much as 6 percent higher than that 
in Freon-12. 

Design configuration: As shown in figure 17, the near-design configuration 
C1-0 did not flutter within the range of this investigation. 

Stabilizer tip weights: Comparison of the flutter boundary for configura- 
tion Cl-48 with the no-flutter points for configuration C1-0 (fig. 17) shows that, 
as in the low Mach number tests in air, the addition of 48 percent tip weights 
lowered the flutter boundary significantly. 
boundary and the no-flutter points indicate that a minimum flutter dynamic pres- 
sure occurred near Mach number 0.8. The flutter mode for this configuration was 
essentially the same as that observed at low Mach numbers in air for configura- 
tions that included tip weights. 

For configuration (2-48, the flutter 

The flutter data shown in figure 17 for configuration Cl-48 involve not only 
the effects of Mach number but also the effects of appreciable variations in mass 
ratio p. In order to illustrate the effects of Mach number alone, these data 
have been adjusted (fig. 18) to indicate a flutter boundary for a constant den- 
sity ( p  = 0.0013 slug/cu ft). 
dynamic pressure with density obtained from the low-speed tests in air for a 
similar configuration (~1-48). 
of the flutter calculations of references 10 and 11 which indicate that for a 
given configuration the shape of the q-p curve (for a constant 
not vary appreciably over the subsonic range. 
at the lower subsonic Mach numbers little difference would be expected between 
flutter boundaries in air and in Freon-12 at the same mass ratio. Hence, the 
low Mach number results in air are included in figure 18 to provide a reference 
for evaluating the magnitude of the compressibility effects. 
ments for density are large in some cases, the resulting modified data form a 
single smooth curve which indicates that a maxi" reduction in flutter dynamic 
pressure of about 16 percent occurs at a Mach number of about 0.78. However, 
reference 10 indicates that, as the Mach number increases, a flutter boundary in 
Freon-12 becomes increasingly conservative relative to the corresponding boundary 
in air at the same p. Hence, the flutter boundary in air would be expected to 
show a smaller compressibility effect than the boundary in Freon-12. 

The adjustment was based on the variation of 

This modification appears reasonable on the basis 

M) generally does 
Reference 10 also indicates that 

Although the adjust- 

Stiffened stabilizer and pitch spring: A comparison of the flutter boundary 
for configuration Cl-48 with the no-flutter points for configuration C4-48s 
(fig. 17) shows that stiffening the stabilizer and pitch spring as described pre- 
viously results in large increases in the flutter dynamic pressure. The increase 
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is as much as 100 percent or more at Mach numbers near 0.80. In contrast, the 
low Mach number tests in air indicated a corresponding increase of only about 
30 percent. For the tests in Freon-12, however, the differences in mass ratio 
for configurations Cl-48 and ~4-48s  probably account for a small portion of the 
increase. Although the stiffness increases raised the symmetric flutter boundary 
appreciably, no antisymmetric flutter was encountered within the q range 
covered. 

Weakened fin spar: In further attempts to obtain antisymmetric flutter, the 
design fin spar (spar 1) was weakened in torsion and subsequently designated as 
spar 3.  This reduction in stiffness together with an increase in stabilizer and 
pitch-spring stiffnesses, the inclusion of 48 percent tip weight, and an increase 
in the dynamic-pressure limit (above the limit for configuration ~4-48s)  resulted 
in two antisymmetric flutter points for configuration ~4-48s .  
fig. 17.) Note that no flutter occurred when less tip weight was installed (con- 
figurations D1-Os and ~1-26s) .  The two antisymmetric flutter points for configu- 
ration ~4-48s  were obtained in sequence during a single tunnel run; however, 
further attempts to attain flutter during the same and subsequent runs were unsuc- 
cessful even though the vicinity of these two antisymmetric flutter points was 
thoroughly explored to higher dynamic pressures. 
fig. 17.) The reason for this nonreproducibility is not known. However, several 
possibly pertinent factors may be mentioned. 

(See table VI and 

(See no-flutter points in 

As indicated previously, static load limits on the model precluded testing 
over the complete range of stabilizer angle of attack anticipated for the air- 
plane, even though this angle is recognized as an important parameter in antisym- 
metric flutter. When antisymmetric flutter occurred, the stabilizer appeared to 
be carrying a relatively large upward static load, and upward loading of the sta- 
bilizer characteristically contributes to a lowering of the antisymmetric flutter 
boundary (ref. 2, for example). In subsequent 'tests, the stabilizer incidence 
angle was approximately the same as when antisymmetric flutter occurred. It is 
possible, however, that during these subsequent tests, either the steady or the 
unsteady aerodynamic loads on the tail may have been altered by changing patterns 
of flow separation caused, for example, by adverse pressure gradients in the 
vicinity of the fin-stabilizer juncture, by the presence of the 0.02-inch-thick 
stiffening strips near the stabilizer leading edge, or by local shock disturb- 
ances. 
flutter boundaries with excitation amplitude which has been encountered by other 
investigators. In the present tests, tunnel 
turbulence at the higher dynamic pressures provided appreciable excitation ampli- 
tude in relation to the antisymmetric flutter amplitude. The tunnel turbulence, 
however, was random in nature and the use of large-amplitude harmonic excitation 
may have induced sustained flutter oscillations more readily. Nevertheless, the 
previously mentioned apparent suppression of antisymmetric response by the buildup 
of symmetric motion is worthy of additional investigation. 

Factors of this type may influence the variation of T-tail antisymmetric- 

(See refs. 5 and 12, for example.) 

It is also possible that structural conditions in the model may have con- 
tributed to the nonrepeatability of the antisymmetric flutter points. However, 
it is not considered likely that any structural changes caused by motion of the 
model would result in an effective increase in stiffness and hence raise the 
flutter speed. Vibration surveys following each test did not indicate any sig- 
nificant changes in m o d a l  frequencies. Nevertheless, for the final two tests 



the rudder was replaced by a balsa fairing in order to eliminate the possibility 
that rudder hinge binding could effectively add to the stiffness of the fin. For 
theqe two configurations, ~ 4 - 4 8 s  and E4-94~5, symmetric flutter occurred as shown 
in figure 17. 
(62 cps) type previously observed with configuration Cl-48. 
this symmetric flutter at mamic pressures lower than the antisymmetric flutter 
for configuration ~ 4 - 4 8 s  is attributed to the fact that the stabilizer stiffening 
strips were attached differently for these two configurations so that the effective 
stiffness of configuration E4-48s was lower than that for configuration 04-48s. 

For configuration E4-48s, the flutter was of the high-frequency 
The occurrence of 

The use of 94 percent tip weights (configuration E4-94s) yielded symmetric 
flutter in a different mode and at a much lower frequency (9 cps) than had been 
encountered with the other configurations. This low- 
frequency flutter involved considerably more stabilizer bending than the high- 
frequency flutter previously discussed and occurred at considerably higher dynamic 
pressure than that for configuration E4-48s. 

(See table VI and fig. 17.) 

Control Surface Freedoms 

Rudder and elevator freedoms were investigated wZth model configurations B1-0 
and C1-0 which, for the purposes of these tests, were considered equivalent to the 
design configuration. 
dynamic pressures where calculations and previous low-speed investigations had 
indicated that instabilities would most likely occur. Freedom of each control 
surface (rudder o r  elevator) was investigated separately while the other control 
remained locked at zero deflection. At each of the test points (figs. 19 to 21) 
except the single elevator-flutter point (fig. 20) ,  the complete model was excited 
by the built-in shakers, and the amplitude of the control-surface rotation was 
measured as an indication of the proximity to instability. 

The tests were conducted in air at very low densities and 

Rudder.- Configuration B1-0 without rudder balance weights was investigated 
in a condition which simulated loss of rudder-actuator stiffness on the airplane 
(fig. 19). On the model, the rudder was allowed to rotate freely on the support 
flexures (fig. l(c)) and had a rotational frequency of 4 cps. 
encountered at the test conditions shown in figure 19, although the mplitude of 
rudder response (fig. lg(b)) reached a maxi" at a dynamic pressure of about 
15 lb/sq ft. 
from the subcritical rudder-response data by showing the boundary closest to the 
test points with the largest response; the levels of flow density associated w5th 
the shaded area in fig. lg(a) were arbitrarily chosen. 
tatively confirm that unstable regions are more likely to occur at the lower 
dynamic pressures, as was indicated by previous low-speed tests and calculations 
(results unpublished). 

No instability was 

The flutter-boundary contour (shape only) (fig. lg(a)) was estimated 

The present results quali- 

Elevator.- Two different conditions of the 100-percent mass-balanced eleva- 
The first condition simulated loss of tors were investigated (figs. 20 and 21). 

elevator-actuator stiffness on the airplane; the elevators of model configuration 
B1-0 were allowed to rotate freely on the support flexures and had a symmetric 
rotational frequency of about 10 cps. The second condition simulated the design 
symmetric rotation stiffness of the elevators (rotational frequency of 26 cps on 
the model) but had greater-than-design antisymmetric rotational stiffness. This 
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condition was considered to be an adequate representation of the airplane for 
present purposes because low-speed tests and calculations had indicated that any 
elevator instability would probably occur in a symmetric mode. 
tions the elevator hinge shafts on the model were linked together by a universal 
joint. 

For both condi- 

The results for the elevator-free condition are shown in figure 20. One 
condition of self-excited symmetric flutter was encountered. The flutter motion 
at 21 cps appeared to consist of elevator rotation with no appreciable stabilizer 
motion. Flutter occurred at the beginning of the test and at that time the 
elevator-amplitude signals were not sufficiently amplified to yield accurate 
measurement of the flutter amplitude. However, the flutter amplitude was visually 
estimated to be about the same as the maxi" subcritical-response amplitudes sub- 
sequently excited by the built-in shakers (fig. 20(b)). The flutter-boundary 
contour (shape only) estimated from the amplitude of the subcritical response 
(fig. 20) is in qualitative agreement with results of previous low-speed tests 
and calculations. 

No instability occurred for the elevators with the design symmetric rota- 
tional stiffness (fig. 21). 
again been estimated from the amplitude of the subcritical response. 

However, a flutter-boundary contour (shape only) has 

SUMMARY OF REsuLllS 

An experimental flutter investigation of a geometrically, dynamically, and 
elastically scaled model of the T-tail and aft fuselage of a currently projected 
multijet cargo airplane has been conducted in the Langley transonic dynamics tun- 
nel at Mach nmbers up to 0.90. The following results were obtained with control 
surfaces locked on configurations which represented scaled conditions on the 
airplane : 

1. The design configuration did not flutter within the Mach number and 
dynamic pressure ranges covered. 

2. A reduction in stabilizer-pitch-actuator stiffness to one-tenth of the 
design value resulted in a symmetric bending-pitch-torsion flutter of the 
stabilizer . 

Results with control surfaces locked on configurations which did not repre- 
sent scaled conditions on the airplane are as follows: 

3. Addition to the stabilizer tips of concentrated weights equal to about 
one-half the stabilizer weight resulted in a high-frequency symmetric flutter 
involving primarily stabilizer pitch and torsion. 
studied over a wide range of Mach number and density. With the concentrated 
weights increased to nearly the stabilizer weight, low-frequency symmetric pitch- 
bending-torsion flutter was encountered. 

This type of flutter was 

4. Two antisymmetric flutter points were obtained for a configuration having 
a weaker-than-design fin spar and incorporating stabilizer tip weights equal to 



about one-half the stabilizer weight. In all other instances, symmetric motion 
appeared to override the antisymmetric response as dynamic pressure increased. 

Results with control surface freedoms on configurations which represented 
scaled conditions on the airplane are as fol lows:  

5. No instability occurred for a model condition which simulated loss of 
actuator stiffness for the zero mass-balanced rudder on the airplane. 

6. No instability occurred for the 100-percent mass-balanced elevator with 
the design symmetric rotational stiffness. For the elevator-free condition, one 
self-excited symmetric flutter point was obtained. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 22, 1963. 
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TABU I .- GEOMcllRIC PROPERTIES OF MODEL 

Horizontal ta i l :  
S tab i l izer  with elevator: 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback angle of quarter-chord l ine,  deg . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfo i l  section (streamwise) . . . . . . . . . . . . . . . . . .  NACA 
Dihedral angle, deg . . . . . . . . . . . . . . . . . . . . . . . .  
A r e a ,  s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . .  
Elastic-axis location, f rac t ion  of horizontal- ta i l  

chord (streamwise) . . . . . . . . . . . . . . . . . . . . . . . .  
Length along e l a s t i c  axis, f t  . . . . . . . . . . . . . . . . . . .  
Spanwise location, f rac t ion  of s t ab i l i ze r  semispan, at - 

s p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Elevator: 

R O O t . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
chord (streamwise), at - 
Leading edge . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Trailing edge . . . . . . . . . . . . . . . . . . . . . . . . . .  

Exposed area, f rac t ion  of horizontal- ta i l  area . . . . . . . . . . .  

Chordwise location, f rac t ion  of horizontal- ta i l  

Hinge axis, f rac t ion  of horizontal- ta i l  chord (streamwise) . . . . .  

5.21 
25 

0.37 
64A010 

0 
6.74 

1.217 
5-92 

0.41 
3-21 

0.0625 
1.00 

0.724 
1.00 

0.750 
0.228 

Horizontal-tail pivot axis, f rac t ion  of horizontal- ta i l  chord at 
root (streamwise) . . . . . . . . . . . . . . . . . . . . . . . . . .  0.605 

Vertical  tail: 
Fin with rudder: 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.24 . . . . . . . . . . . . .  Sweepback angle of quarter-chord l ine,  deg 35 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.61 
Air fo i l  section (streamwise) . . . . . . . . . . . . . . . . . .  NACA 641A012 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.135 
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . .  2.073 

Elastic-axis location, f rac t ion  of ve r t i ca l - t a i l  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span , f t  2-53 

Length along e l a s t i c  axis, f t  . . . . . . . . . . . . . . . . . . .  2.74 
chord (streamwise) . . . . . . . . . . . . . . . . . . . . . . . .  0.40 

Rudder : 
Spanwise location, f rac t ion  of f i n  span, at - 

R o o t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . . . . . .  0.84 Tip 

(streamwise), at  - 
~ e a d i n g e d g e . .  . . . . . . . . . . . . . . . . . . . . . . . . .  0.716 
Trail ing edge . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 

H i n g e  axis, f rac t ion  of v e r t i c a l - t a i l  chord (streamwise) 0.75 

- - : *  - * -  - - - ' *  
Chordwise location, f rac t ion  of v e r t i c a l - t a i l  chord 

. . . . . .  
Exposed area, f rac t ion  of ve r t i ca l - t a i l ' a r ea  . . . . . . . . . . . .  0.218 



ro 
0 

bdder mass 
balance 
per cent 

100 
0 
0 
0 --- 

TABU 11.- SUMMARY OF MODEL CONFIGURATIONS 

( a )  Basic components 

Comments 

Original components. 
S tab i l izer  spar  2 essent ia l ly  same as spar 1. 
Fin spar 2 s l i g h t l y  weaker than spar 1. 
Used f i n  spar weakest i n  tors ion.  
Replaced rudder with ba lsa  fa i r ing .  

S tab i l izer  damaged during t e s t s .  
S l igh t ly  heavier b u l l e t  f a i r i n g  used. 

It a b i l i  zer 
spar 

Configuration 

Horizontal tail 

Comments mv 

$ J O  ' 9~0  %,o 

Basic 
configuration 

1.000 
3 .09  
3.220 
3.220 
1.131 
2.268 

Fin 
spar1 

1.015 0.955 H a s  weaker f i n  spar than design configuration. 
1.500 .955 Obtained symmetric f l u t t e r  boundary over Mach number range. 
1.586 .955 Stiffened s t a b i l i z e r  and p i tch  spring. 
1.586 .955 Used weakest f i n  spar (spar  3). 
1.100 .955 
1.363 .955 

Effor ts  t o  obtain antisymmetric 
f l u t t e r  . 

3.220 1.586 
5 A70 2.034 I .895 Replaced rudder. 

, .895 Added more t i p  weights. 
8-, 

"1.015 
"1.015 

.955 

Elevator locked. 
Rudder locked. 
Rudder Locked. f e  = 26 cps. V e r y  s t i f f  antisymmetrically. 

f r  = 4 cps. 
f e  = 10 cps. 

I 

A 
B 

Normal 
Normal 
Normal 
Normal 

Replaced 
1 

ti 
D 
E 

(b )  Tested configurations 

I 
Configurations t e s t e d  i n  a i r  with control surfaces locked 

- 
99 
57 
33 
94 
72 
67 
90 
96 

- 
1.000 
1.000 
1 ; 000 
1.107 
1.912 
2.178 
2.178 

- 
1.000 
1.000 
1.000 
1.192 
2.678 
3.170 
3-170 
1.010 

Design configuration. 
} Decreased pitch-spring s t i f f n e s s .  

} Added s t a b i l i z e r  t i p  weights t o  design configuration. 
Design configuration with l i g h t  f a i r i n g  f o r  enclosing s t a b i l i z e r  t i p  weights. 

Al- 0 
A2-0 
~ 3 - 0  
Al-4 
~1-38  
Al-48 
A4-48 
c1-0 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 - 955 

-955 
Effor ts  t o  obtain antisymmetric Used s l i g h t l y  weaker f i n  spar (spar  

Stiffened s t a b i l i z e r  and p i tch  spring. 

Increased pitch-spring s t i f f n e s s .  
1.063 
2.440 3.315 ' 3.220 1.586 
-1 8' 88 1.265 

1.902 

71 3.543 
2.440 

L 

1.010 
3.175 
3.315 
3.315 
1.150 
2.325 
3.315 
5 * 330 

c1-0 
C l - 4 8  
c4-48s 
E4-48s 
D1-Os 
D1-26s 
E4-48s 
E4-94s 

1.063 
1.063 
1.063 

1.010 
1.010 
1.010 

?ncludes mass of solenoid attached t o  f i n  root t o  provide an impulse t o  rudder. 



TABU 111.- MASS PROPERTIES OF MODEL CONFIGURATIONS 

(a) Major model components 

Total model (configuration Al-0): 
Mass, slugs.  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.60 
Center of gravi ty  . . . . . . . . . . . . . . . . . . . . . . . . . .  FS 101.9 

Fuselage m a s s ,  slugs . . . . . . . . . . . . . . . . . . . . . . . . .  2.96 

Wing and pylon-nacelle: 
Wing m a s s  (full-span), slugs . . . . . . . . . . . . . . . . . . . .  1.878 . . . . .  1.467 

'2'''' . * * .  I n e r t i a  i n  r o l l  about fuselage center l ine ,  slug-ft . . . . . . . .  36.261 
Pylon-nacelle m a s s  (both sides),  slugs 

Empennage (configuration ~ 1 - 0 )  : 
Total- empennage m a s s ,  slug . . . . . . . . . . . . . . . . . . . . .  0.3787 
Vertical  t a i l  m a s s ,  m ~ , ~ ,  slug . . . . . . . . . . . . . . . . . . .  0.1904 

mSs, %,o, slug . . . . . . . . . . . . . . . . . . . . . . . . .  0.1883 

I~ , 07 siug-ftz . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05665 

* B Y  0.' 

Horizontal tail: 

Center of gravity . . . . . . . . . . . . . . . . . . . . . . . . .  FS 204.5 

slug-ft  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3665 
slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3559 

2 
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!TABLE 111.- MASS PROPERTIES OF MODEL CONFIGURATIONS - Concluded 

(b)  m e n n a g e  components 

0 . 0 4 ~  

.os28 
. . . .  .0604 

.0323 

0.1666 

Tota l  

-1.15 x 10-3 

-2.13 
-4.37 - 

-1.48 

-9.13 x 

Typical s t a b i l i z e r  without e leva tor  I 
-~ 

Section l i m i t s ,  
qea 

I 

o t o  0.0586 
0.0586 t o  0.2208 
0.2208 t o  0.3727 
0.3727 t o  0.5234 
0.5234 t o  0.6719 
0.6719 t o  0.8255 
0.8255 t o  1.0000 -~ ._ - -. - 

0 t o  1.00 0.0693 I -1.644 x 3.876 X lo-'] 
aSections out l ined  on f igu re  l ( b ) .  

.. 
Mass 

Rudder 0 
Rudder 100 

[, Typical f i n  without rudder 
I 

Section 

Tota l  

Section limits, 
?ea - 

0 t o  0.2648 
0.2648 t o  0.4728 
0.4728 t o  0.6843 
0.6843 t o  1.OOOO 

~ - 

0 t o  1.00 
I .- - .  

%ections out l ined  on f igu re  ~ ( c ) .  

s lug- f t2  J 
3.47 10-3 
3.66 I 
3.47 
5.59 __ . 

16.19 x 10-4 

. . . .  

Bul le t  f a i r i n g  
.... .. 

Used with 
model 

configuration 
~ 

A 

- B, C, D, E 

( c )  S t ab i l i ze r  t i p  weights and s t i f f e n e r  

Tip  weights: 
Spanwise loca t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BL 34.25 
Chordwise loca t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FS 212.32 

0.0497 
38 percent q,o, s lug  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0706 
48 percent slug . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0914 
94 percent %,o, s l u g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1762 

Mass (both pane ls ) :  
4 percent %,o, slug . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.00813 
26 percent %,o, slug . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

St if feners  : 
Mass (both pane ls ) ,  slug . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0158 
Distance of center  of g rav i ty  behind s t a b i l i z e r  leading edge, i n .  . . . . . .  1.0 

'S t i f fener  extended along s t a b i l i z e r  from root  t o  t i p  j u s t  behind leading edge. 
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Fin 
spar 

- - 

1 
2 
3 

- .  

TAB- 1V.-  SmFFNESSES OF STABILIZE8 PITCH SPRINGS 

AND FIN-STABILIZER JOINTS 

(a) Pitch-spring s t i f fnes s  

Pitch 
stiff ne s s , 

in- l b  / radi  an 

2.87 
47.2 

(b) Fin-s tabi l izer  jo in t  s t i f fness"  

Yaw due t o  
yawing moment, 

in-lb/radian 

"st 

- . . .. 

22.6 x 104 
22.0 
28.2 

- -. 

Yaw due t o  
ro l l ing  moment, 
in-lb/radian 

4 -28.7 x 10 
-30.0 
-39 - 6 

R o l l  due t o  
yawing moment, 

in-lb/radian 
. ~- 

4 -23.4 x io 

-31.2 
-22.1 

1 
J 

R o l l  due t o  
ro l l ing  moment, 
in- lb/radi  an 

6.30 x i o  4 
6.45 
7.10 

f fnesses  w e r e  measured between s t a t ion  on f i n  e l a s t i c  axis a t  
WL 59.50 and t h e  point on underside of s t ab i l i ze r  spar a t  e l a s t i c  ax is  
where the  bracket arm is attached. Sign convention of deflection and 
applied moments referenced t o  s t ab i l i ze r  chord plane: 

Posi t ive ro l l ,  right s t ab i l i ze r  t i p  downward; 
posi t ive yaw, r igh t  s t a b i l i z e r  t i p  rearward. 



Frequency, cps, of configuration for - 
m e w e  cantilevered a t  FS 158.8 lbpmnage cantilevered at 

f i n  mot Complete model Vibration ade 

Symmetric modes 

12.3 7.6 1 22.3 25.9 51.4 15.5 33.0 

- 
1.1: 
1.M 
3.a 

9.5 
12.1 
14.7 

20.0 
'24.0 
'32.0 

Model pitch 1.Q Model vertical translation 1-20 1.40 
Model fore and aft translation 2.80 

Wing bending 
Fuselage vertical bending 
Engine yaw 

5 . 8  

'13.6 

'28.8 
'42.2 
:58.6 
66.8 

'71.6 
'81.8 

89.2 

136 
182 - 

Fuselage Vertical bending, stabilizer bending 
Stabilizer first bending 
Fin fore and aft bendlng 

12.3 ! 

i 
59.0 i 
70.1 I 

Stabilizer bending 
Stabilizer pitch 

Stabilizer first torsion ' 87.2 74.3 
I 1  

I 

Stabilizer second torsion 

I i , Antisymnetric modes 

Model yaw 

,Model la teral  translation 

' A f t  fuselage torsion 
Stabilizer roll 
Stabilizer yaw 
Stabilizer yaw, fuselage la teral  bending 

1.25 
2.14 

E4.9 (6.6 z4.9 

14.8 15.6 I 14.8 , 20.4 *19.5 

6.7 *10.2 6.4 9.3 *9.2 7.1 
*9.6 *12.8 **9.6 13.3 *12.8 13.0 13.0 13.0 11.0 

16.6 
16.0 

~ 18.8 ' , , 
25.0 * s . o  ! 

15.0 

"18.2 

'X45.3 

112 
,117 

Fin bending 
I Stabilizer bending, f i n  bending 

44.0 - 
55.0 '42.6 54.0!:%.2 

1 *56.9 
63.5 ~ I 63.51 

75.0 1 1 ' 
82.5 80 '*90.8 

~ 

57.0 
,65.2 i66.3 165.9' '* 65.1 

I 
1 ' 70.2: 

i80.0 '82.0 b2.9 p74.5 ,*82.9 
I '102 

1 I ' 107 

Stabilizer first torsion 

! !  , '  
Stabilizer second torsion 

%el suspended by single vertical spring at upper plate of mount cage. 
%el mounted in  tunnel with drag cables at wing midsemispan (cables 7 and 8 in fig. l (d)) .  
CMoael mounted i n  tunnel with drag cable a t  midsection of forward fuselage (cable 9 in  f ig .  l (d ) ) .  
*Node lines for these modes are presented in  figures 5 t o  13. 

Used in  tes ts  1 t o  12, 24, and 25. 
Used in  tes ts  13 t o  23 aod 26. 



Config- 
u r a t i o n  

AL-0 
I 
I A2-0 

~ 3 - 0  

A1-4 

A l - 9  

U-48 

~ 4 - 4 8  

c1-0 

C4-48s 

Run 
p o i n t  

1-1 

2- 1 

3-1 

4-1 

5-1 
5-2 
5-3 
5-4 
5-5 
5-6 

6-1 

8-1 
7-1 

9 -1 

10-1 

11-1 
11-2 
11-3 
11-4 
11-5 
11-6 
11-7 
11-8 
12-1 
12-2 
12-3 
12-4 
12-5 
12-6 
12-7 
12-8 
12-9 
13- 1 
13-2 
13-3 
13-4 
1.3-5 
13-6 

TABLE VI . -  COMPILATION OF TESP RESULTS 

( a )  T e s t s  i n  air w i t h  c o n t r o l  s u r f a c e s  locked  

M 

0.308 

.472 

.442 

.416 

- 9 5  
.363 
.348 
.334 
.318 
.308 

- 9 2  
.344 
-292 

.304 

.413 

.563 

.619 

.612 - 592 
-568 
-533 
* 503 - 473 
-449 
.434 
.402 
.404 
.387 
.374 - 365 
-353 
.348 
-452 
.450 
.412 
. g o  - 355 
-327 

e 
Lb/sq f t  

141.3 

144.5 

135 -4 

146.1 

97.8 
101.5 
111.5 
119.2 
130 - 5 
139.9 

94.0 
108.4 
127.1 

139.8 

147.6 

69.3 
82.2 
90.8 
91.4 
96.1 
99-0 

101.6 
104.8 
111.6 
117.8 
114.4 
129.2 
131.1 
135 - 7 
144.3 
151.6 
162.8 
96-3 

112.9 
118.3 
125.7 
133 - 6 
146.4 

PI 
s lug /cu  f t  

0.002278 

- 000997 

.001063 

.001316 

.001019 
, 001182 

.001631 
,001963 

.001408 

,002239 

.00099l 
,001422 
.oo2271 

.002267 

.00132 

.000349 

.000343 

.0003%6 

.000413 

.OW468 

.000545 

.000624 

.000724 . 00ogOl 

.00102 

.00115 

.OO123 

.00142 

.00157 
-00174 
.00195 . OOU6 
.Won4 
.“99 
.oox~09 
.mi365 
.001648 
.002093 

v, 
f t / s e c  

352.0 

538.3 

504.3 

471.3 

433.3 
414.5 
397.9 
382-3 
364.7 
353 6 

435.5 
390.4 
334 6 

351 * 2 

472.0 

629.9 
692.0 
685.9 
665.6 

603.0 
570.8 

497.7 

446.5 
448.7 
430- 3 
416.2 
406.9 
393.9 
388.1 
499.0 
501.1 
462.0 
429.1 
402.7 

640.9 

533-2 

480.8 

374 0 

T, 
OR 

544 

541 

543 

534 

539 
543 
544 
545 
547 
548 

541 
536 
546 

548 

544 

5= 
520 
523 
526 
530 
533 
536 
539 
511 
511 
513 
513 
515 
516 
517 
518 
518 
507 
516 
523 
531 
536 
544 

CI 

12.8 

29.3 

27.5 

23.1 

39.4 

28.5 
34.0 

24.6 
20.4 
17-9 

431.8 
30-5 
19.1 

19.1 

22.5 

132.6 
134 - 9 
119 - 9 
112.0 
98.9 
84.9 
74.1 
63.9 
51-3 
45.4 

36.1 
32.6 
29-5 
26.6 
23-7 
21.4 
59.8 
51 -5 
41.7 
33-9 
28.1 
22.1 

40.2 

f, 
CPS 

27 

62 
62 
62 
62 
62 
62 

60 

60 
60 

60 

65 

2.07 x lo6 

1-39 

1.38 

1.62 

1.16 

1.61 

2.03 

1.26 
1.44 

1.84 

1.12 
1.45 
1-95 

2.04 

1.61 

* 59 
.63 
-70 - 73 
-79 
.86 
.93 

1.01 
1.21 
1-33 
1.39 
1-55 
1.64 
1-75 
1.90 
2.06 
2.24 
1.05 
1.21 
1.36 
1.54 
1-73 
2.02 

% d e l  behavior  code: 
NF No f l u t t e r  
SF Symmetric f l u t t e r  
AI? Antisymmetric f l u t t e r  

bNo f l u t t e r ,  b u t  ve ry  c l o s e  t o  symmetric f l u t t e r  boundary. 
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TABLE VI.- COMPILATION OF TEST RESULTS - Contimed 

(b) T e s t s  i n  Freon-12 with control surfaces locked 

Config- 
uration 

C l - 0  

Cl-48 

C4-48s 

n4-48s 

D1-Os 

~1 -26s  

E4-48s 

E4-94s 

__-- 

Run 
point 

14-1 
14-2 
14-3 
14-4 
14-5 

__ 

15-1 
15-2 
15-3 
15-4 
15-5 

15-7 

15-9 

15-6 

15-8 

15-10 

16-1 
16-2 
16-3 

16-5 

17-1 
17-2 

18- 1 
18-2 
18-3 

18-5 
18-6 
19-1 
19-2 

16-4 

16-6 

17-3 
17-4 

18-4 

20-1 
20- 2 

20-4 
20-3 

20-5 

21-1 
21-2 

22-1 
22- 2 
22-3 

23-1 
23-2 
23-3 
~- -. 

Model 
,ehavior 
(a) 

NF 
NF 
NF 
NF 
NF 

NF 
NF 
NF 
NF 
SF 
SF 
SF 
SF 
SF 
SF 

NF 
NF 
NF 
NF 
NF 
NF 

NF 
NF 
NF 
NF 

bAF 
bAF 
NF 
NF 
NF 
NF 
NF 
NF 

NF 
NF 
NF 
NF 
NF 

NF 
NF 

NF 
SF 
SF 

NF 
SF 
NF 

~- 

- .- 

M 

__ 
0.897 

-867 
.782 

.633 
697 

* 903 
.903 
.904 
.892 
.825 
737 

.799 

.815 

.664 - 598 

.906 

.901 

.871 

.702 
- 792 

.669 

- 917 
.896 
.827 
* 769 
-779 
.745 
.803 
.794 
.724 
.768 
. n2 
.BO 
.825 
* 758 
.798 
-776 
.698 

.@37 
758 

. a 9  

.659 

.794 

.806 

.731 

.740 

___ 

1 9 . 2  
144.0 
147.0 
149.2 
152 - 3 

67.8 
74.5 
82.7 
86.6 
88.5 
89.1 
76.4 
76.3 

108.6 
125.9 

103.1 
135.3 
146.9 
151.5 
154.1 
159 - 9 

103.0 

163.0 
173.8 
177.4 
179.7 
168.2 
178.5 
174 5 

150.5 

201.4 
202.4 
188.5 

156.2 
173 7 
188.1 
u0.7 
201.0 

114.4 
187.1 

137.9 
146.3 
168.0 

156.2 
192.2 
205.9 

. 

PY 
slug/cu f 

0.001324 
-001459 

.002330 
Ow03 

.001826 

.000663 

.000724 . cQ0796 

.000846 

.001310 
,001041 

.COO936 

.000886 
* 001935 - 002795 

.000969 

.001471 

.002353 

.001281 

.0018u 

.002685 

.001oll 

.001483 

.002256 

,002462 
.001996 
.GO2154 
. 002509 
. m a 4 9  
.002635 

.mi820 

.002363 

.002310 

.002701 

. 00ll68 

. O W 3 3  

.002010 

.002457 

.003048 

.mi859 

.a2269 

.002349 

.003127 

.001926 

.002273 

.00943 

. .. 

v, 
ft/sec 

456.1 
443.2 
400.2 
356 * 7 
322.6 

452.0 
453.3 
455 2 
551.6 
4ll.7 
368.2 
403.4 
414.3 
334-1 
299.0 

460.6 
458.6 
445.8 
406.8 
360 * 7 
343.9 

449.5 
417.7 
391.3 
394 -1 
90.8 
409.4 
$05.8 
371.6 
396.2 
590.5 
399.3 

+13 * 3 
582.2 
+02.2 
593.6 
357-1 

+42.0 
583.0 

451.0 

369.3 
344.0 
530.7 

t01.6 

172.6 
to909 

~- 

z i  
521 
530 
537 
542 
543 

516 
517 
523 
530 
513 
518 
527 
535 
534 
532 

521 
532 
539 
548 
554 
558 

508 
524 
534 
544 
541 
552 
548 
551 
558 
563 
530 
543 

5 2 1  
532 
533.: 
541 
j53 

517 
j43 

j27 
j30 
j 9  

j30 
j41 
i48 
-~ 

R, 
ft2/sec2/OR 

433 
432 
428 
425 
422 

424 
426 
424 
423 
425 

423 
423 
417 
415 

433 
427 
426 
423 
421 
420 

417 
421 
420 
419 
417 
418 
419 
419 
418 
418 
425 
425 

423 
420 
420 
419 
418 

420 
415 

416 
415 
414 

424 
421 
419 

422 

P 

-~ - 

22.4 
20.3 
16.2 
12.7 
10.2 

66.1 
60.5 
55-0 
51.8 
42.1 
33.4 
46.8 
49.5 
22.6 
15.7 

47.7 
36.1 
31.5 
25.4 
19.7 
17.2 

45.8 
31.2 
24.9 
20.5 
20.4 
18.8 
23.2 
21.5 
18.5 
18.1 
17.6 
19.7 

17.6 
13.6 
13.9 
n . 9  
~ 0 . 3  

15.2 

3 .0  

t5.2 

33.0 

18.8 

50.7 
Z6.0 
!0.1 

f, 
Cps 
.- ~~ 

60 
60 

60 
60 
60 

60 

6.22 
6-33 

52.5 
52.5 

9.33 
- 

NRe/ft 

2.24 x lo6 
2 . 9  
2.68 
3.05 
3.45 

1.14 
1.24 
1.37 
1.43 
1.63 
1.84 
1.42 
1.36 
2.44 
3.18 

1.66 
2.18 
2.41 
2.71 
3.10 
3.37 

1-78 
2.52 
2.91 
3.27 
3.34 
3.45 

-~ - 

3.02 
3.22 
3.40 
3.67 
3.83 
3.44 

2.85 
3.39 
3.49 
3.96 
4.10 

1.97 
3.63 

2.83 
3.22 
3.81 

2.89 
3.45 
4.05 - 

"see footnote a, p. 25. 
bAntisymmetric f lu t t e r  occurred with a stabil izer incidence angle of - $' (nose down) and a s t a b i l i z e r  angle of attack 

of approximately 15' (nose up).  
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Configuration 

B1-0 
(rudder 
free, 
f r  = 4 cps) 

I 

c1-0 
(elevator 
with 
simulated 
symmetric 
design 
stiffness, 
fe = 26 CPS) 

Run 
point 

24-1 
24-2 
24-3 
24-4 
24-5 
24-6 
24- 7 
24-8 

25-1 
25-2 
25-3 
25-4 
25-5 
25-6 
25-7 
25-8 
25-9 
5-10 
25-u  
25-12 
25-13 
25-14 
25-15 

25-17 
25-18 
25-19 

25-16 

25-20 

26-1 
26- 2 
26-3 
26-4 
26-5 
26-6 
26-7 
26-8 
26-9 
26-10 

26-12 
26-ll 

Model 
behavior 

(a) 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 

SF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 

NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 

TABLF: V I . -  COMPILATION OF TEST RFSULTS - Concluded 

(c) Tests in air with control surface freedoms 

M 

0.183 
.229 
.267 
.298 
-327 
.377 
-420 
.493 

. 200 

.130 

.162 

.1& 

.194 

.203 

. a 3  

.222 

.230 

.247 

.256 

.262 

.r18 
-290 
.308 
.339 
.368 
.390 
.438 - 193 

.171 

.240 

. w 3  

.338 - 378 

.416 

.448 
-477 
-507 - 239 
* 175 
.140 

9, 
Lb/sq ft 

9-0  

19.0 

28.6 
9.0 
47.1 
64.9 

9.1 
3.9 
6.1 
8.0 
9.0 
9.9 

10.9 
u . 9  
1 2  .a 
14.8 
16.0 
16.8 

14.0 

23.8 

19.0 
20.7 
23.3 
28.3 
33.2 
37.5 
46.9 
9.8 

5.2 
10.1 
14.89 
19 + 63 
24.34, 
29.23 
33.66 
38.05 

5.58 
3.58 

42.66 
10.34 

P J  
slug/cu f t  

* 000453 

.000452 

.00&51 

0.000454 

.000452 

.00&48 

.000446 

.00&41 

.000363 

.000365 

.000367 
-OOQ378 
* 000379 
.000383 
.000384 
.000385 . 00096 

.00039l . W0392 

.000394 

.000396 
000397 

.000398 - 000398 

.000401 

.000399 

.000420 

.000289 

.000286 

.000283 

. (NO280  

.000277 
-000276 
.om272 
.000270 
.000267 . ooo280 
.000283 
,000286 

. mom 

v, 
ft/sec 

198.7 
248.9 
290.2 
324.1 
356.0 
411.4 
459 6 
542-5 

223 * 5 
146.2 
182.1 
206.4 
a 7 . 5  
227.4 
238.5 
248.5 
257.4 
276.1 
285.9 
292.5 
310.1 
323 - 2 
343.0 
376.9 
408.4 
432.6 
484.4 
u 6 . 5  

188.9 
265.4 
324.1 
374.3 
419.0 
460.6 
497.1 
531-4 
565.3 

198.7 
158 * 3 

271.6 

T, 
OR 

491 
492 
492 
492 
493 
496 
498 
504 

5 m  
527 
5 26 
5 24 
523 
522 
521 
521 
553 
520 
519 
519 
518 
517 
516 
514 
513 
512 
509 
524 

509 
509 
509 
510 
511 
510 
512 
516 
517 
539 
537 
532 

P 

65.3 
65.4 
65.6 
65.6 

66.2 
66.5 
67.2 

81.7 
81.2 
80.8 
78.4 
78.2 
77.4 
77-2 
77.0 
76.8 
76.4 
75 -8 
75-6 
75-2 
74.9 
74.7 
74.5 
74.5 
73.9 
74.3 
70.6 

102.6 
103.6 
104.7 
105.9 

65-7 

107.0 

109.0 
log.8 
u1.0 
105 * 9 
104.7 

107.4 

103.6 

~ m a x  - 
A 

~ 

1.05 
1.00 
1.00 
1.15 
1.28 
1-79  
1-79 
1.92 

b1.50 

7-13 

2-37 
2.46 

1.94 
1.60 
1.16 
1.33 
1.00 
1-33 
1.49 
1.06 
2.00 
2.91 
3.77 
4.27 
3.99 
4.62 
2.28 

2.50 

6-25 

7.80 
11.70 
u . 7 0  
12.50 
u . 3 5  
1.98 
1-37 
1.00 

2.84 

6.25 

~ 

0.25 x 106 
31 

.97 

.41 

.45 
* 51 
.57 
.65 

.22 

.14 

.18 

.a 

.22 
23 

.24 

.26 

.26 

.29 
30 

.31 

.33 

.34 

.37 

.40 

.44 

.47 
*52 
.24 

15 .u - 25 
.28 
31 

.34 

.37 

.39 

.40 

.20 - 15 

.12 

aSee footnote a, p. 25. 
bEstimated. 



Aluminum spar (7075-16) 

Section A-A 

6.25 ( d i m . )  

+Hollow magnesium spar 

Balsa 

Section 8-B 

Aluminum tube (6061-T6 
Balsa s k i n 6  4.13 outer diameter,  0.052 th ick)  

Ooooo alsa bulkheads with l igh ten ing  
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Section C-C 

0.20 diameter music w i r e  

Front view 

28.5 
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(a) Complete model. 

Figure 1.- Sketches of model. A l l  dimensions are in inches except as noted otherwise. 
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(b) Horizontal tail. 

Figure 1.- Continued. 
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Figure 1.- Continued. 



Note: Note: 

M a i n  suppor t  cables 1 and 2 l i e  i n  p lane  of symmetry 
and are i n c l i n e d  about 45O t o  h o r i z o n t a l .  
a t t a c h e d  t o  springs l o c a t e d  Outside of test  s e c t i o n .  

Drag cables 3, 4, 5, and 6 lie i n  h o r i z o n t a l  p lanes  
and are i n c l i n e d  about 45O t o  plane of symmetry. 
Cables are a t t a c h e d  t o  tunnel  wall. 

Drag cables 7 and 8 l i e  i n  h o r i z o n t a l  p lane  and pass  
through tunnel  wall at  about t h e  same streamwise s t a t i o n  
at which t h e  o t h e r  drag  c a b l e s  are a t t a c h e d .  Cables 
are a t t a c h e d  t o  springs l o c a t e d  outs ide  of t e s t  s e c t i o n .  

Continuous c a b l e  9 rep laced  drag  c a b l e s  7 and 8 for t h e  
lat ter p a r t  of t h e  i n v e s t i g a t i o n .  
f r i c t i o n  p l a t e s  t o  provide  a range of damping i n  yaw. 

Cables are 

Cable 9 passes  between 

S t a b i l i z e r  spar 

Bracket arms r o t a t e  on 
s h a f t  a t tached  t o  f i n  spar 

Sketch of unders ide  of s t a b i l i z e r  showing 
s t a b i l i z e r  p i t c h  p i v o t  arrangement 

(d) Sketch showing maie structural members of model and mount system. 

Figure 1. - Concluded. 
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(a) Model suspended i n  tunnel .  

Figure 2.- Model used i n  the  inves t iga t ion .  



(b) V e r t i c a l  t a i l  with f in - spa r  cover and lower half of b u l l e t  f a i r i n g  removed. 
Rudder i s  locked by tape  a t  t i p  and roo t .  

Figure 2.- Concluded. 
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Figure 3 . -  Fuselage mass distribution 
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(a) Fin spars. 

Figure 4.- Measured distribution of bending and torsional stiffnesses of various 
model structural components. 
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Figure 4.- Continued. 
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Figure 4.- Continued. 
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(a) Aft fuselage spar. 

Figure 4.- Concluded. 
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(a) Symmetric modes. 

(b) Antisymmetric modes. 

Figure 5.- Measured node lines associated with natural vibration frequencies for configuration Bl-38.  



9.7 cp 

&4 

20.5 cps 

84.4 cps 

(a) Synrmetric modes. 

Figure 6.- Measured node l i n e s  associated with natural vibrat ion frequencies f o r  configuration C1-0. 



(b) Antisymmetric modes. 

Figure 6.- Concluded. 



. 
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(a) Configuration Cj-0. 

86.2 cps 

(b) Configuration C4-0. 

Figure 7.- Measured node lines associated with symmetric natural vibration frequencies for configurations Cj-O and C4-0. 



(a) Symmetric modes. 

Figure 8. - Measured node lines associated with natural vibration frequencies for configuration c4-48s. 



(b) Antisymmetric modes measured with drag cables mounted a t  wing midsemispan. 

Figure 8.- Continued. 



(c) Antisymmetric modes measured with drag cables mounted to forward. fuselage midsection. 

Figure 8.- Concluded. 



(a) Symmetric modes. 

(b) Antisymnetric modes. 

Figure 9.- Measured node lines associated with natural vibration frequencies for configuration D1-0. 



Figure 10. - Measured. node lines associated with antisymmetric natural frequencies for configuration D4-48s. 



17. 

97. 

68. 

(a) Symnetric modes. 

Figure XI..- Measured node lines associated with natural vibration frequencies for 'empennage of configuration C1-0 
cantilevered at the fin root. 



54. 56 

(b) Antisymmetric modes. 

Figure U.- Concluded. 
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(a) Configuration ~2-0. 

(b) Configuration Cj-0. 

(c) Configuration C4-0. 

Figure 12.- Measured node lines associated with synrmetric natural vibration frequencies for empennage of 
configurations C2-0, c3-0, and C4-0 cantilevered at fin root. 



44 

(a) Configuration El-Os. (b) Configuration E2-Os. 

73.  

(c) Configuration ~ 3 - O S .  (d) Configuration E4-Os. 

Figure 1.3.- Measured node lines associated with symmetric natural vibration frequencies for empennage of 
configurations El-Os, E2-0s, E3-Os, and E4-0s cantilevered at FS 158.8. 
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Figure 14.- Typical operating procedure f o r  t e s t  i n  Freon-12. 
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the present investigation. 
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Figure 16.- Variat ion of dynamic pressure with air densi ty  and with mass r a t i o  for configurations t e s t e d  i n  air 
with control  surfaces locked. M < 0.62. 
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Figure 17.- Variat ion of dynamic pressure and mass r a t i o  with Mach number for configurations t e s t e d  
i n  Freon-12 with cont ro l  surfaces  locked. 
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Figure 18.- Variat ion w i t h  Mach number of t h e  dynamic pressure adjusted t o  a constant densi ty  f o r  configuration Cl-48. 
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Figure 19.- Results obtained in air for configuration B1-0 with rudder free to rotate on flexures. M < 0.50. 
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Figure 20.- Results obtained i n  a i r  f o r  configuration B1-0 with elevators  f r e e  t o  r o t a t e  on f lexures .  M < 0.44. 
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Figure 21.- Results obtained in air for configuration C1-0 with simulated design symmetric rotational stiffness of 
the elevators but with greater-than-design antisymmetric rotational stiffness. M < 0.51. 
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